Abstract: Typically estimates of the benefits of education investments show average private rates of return for the average individual. The average may not be useful for policy. An examination of the distribution of the returns across individuals is needed. The few studies that have examined these patterns focus on high-income countries, showing investments to be more profitable at the top of the income distribution. The implication is that investments may increase inequality. Extending the analysis to 16 East Asian and Latin American countries we observe mixed evidence in middle-income countries and decreasing returns in low-income countries. Such differences between countries could be due to more job mobility in developed countries, scarcity of skills, or differential exposure to market forces. JEL Classification: I21, J31
Introduction
There is an extensive empirical literature on estimates of the rate of return to investment in education, covering both developed and developing countries. Most studies estimate the mean return to education which may be interpreted as the return to additional schooling for an individual with mean ability; in other words, the return for the average individual. A number of observations on the pattern of returns across countries have been highlighted in the literature (see, for example, Psacharopoulos and Patrinos 2004) . In particular, past average return to education estimates suggest that returns are higher in developing compared to developed countries, with developing countries exhibiting high returns to primary education, while returns to tertiary education are higher in developed countries. Worldwide average returns to schooling, as compiled from hundreds of studies, is about 10 percent (Psacharopoulos and Patrinos 2004) , with considerable variation between developed and developing countries (higher in developing countries, at about 11 percent compared to about 7.5 percent for OECD countries).
However, if there is significant variation in returns across the earnings distribution, with higher returns for those with higher levels of income (assumed to indicate high ability individuals as well), and then investment in education will generate more inequality. This could challenge the conventional view of investment in education, which is that education promotes equality in the long run, other things being equal.
Recently, an increasing number of studies investigate the pattern of returns to an additional year of education along the earnings distribution using quantile regression analysis.
Estimation of returns to education using Ordinary Least Squares (OLS) disregards variation in the returns for workers in the same education group. On the other hand, quantile regression analysis, by allowing the return to vary within education groups can be used to measure inequality within groups, since quantile returns represent the wage differential between individuals in the same education group but at different earnings quantiles.
An examination of the results of recent studies (several for developed countries and a handful for developing countries) allows the identification of certain emerging stylized facts. In particular, in Europe and North America we observe increasing returns with quantiles. In the few low-income developing countries for which evidence exists and from preliminary analysis of available data for a few other lower income countries, we tend to observe decreasing returns with quantiles. Evidence from middle-income countries is mixed.
Increasing returns as one goes from the lower to the higher end of the earnings distribution has been interpreted as an indication that ability and education (or skills) complement each other, with more able workers benefiting from additional investment in education. On the other hand, a negative relationship between ability and returns to education may be interpreted as evidence of substitutability between education and ability. Finally, if there is no distinct pattern, then average returns (in the absence of biases in their estimation) capture the overall profitability of education. The question is empirical: Which pattern best fits the evidence and are there variations across groups of countries?
The aim of this study is to investigate the pattern of returns across a mix of countries by conducting a systematic examination of the returns to education along the conditional distribution of the dependent variable (log of hourly earnings), as well as examining the pattern of returns within education levels for each country; subsequently we investigate the existence of a relationship between a country's labor market characteristics and the pattern of returns to education along the conditional earnings distribution.
For policy purposes, this question is important. For example, if the returns to education are higher for those at the top of the income distribution, then further investments in educationdoing nothing else different -will lead to an increase in inequality. That is, if marginal schooling returns in a particular country are higher for the less able (assuming that "ability" is captured by the residuals of the earnings function), educational opportunities should be expanded for this section of society, as education and ability are substitutes. Furthermore, in such a case the interaction of education and ability has an equalizing effect on earnings. But if education leads to more inequality, then compensatory interventions may be necessary in order to equalize the chances of the less able. If, on the other hand, education tends to equalize earnings, then further investment is warranted, without changes in the way it is provided.
Literature Review
It is hypothesized that heterogeneity in "abilities" which contribute to higher earnings are related to schooling acquisition. This is in addition to other unobservables which may be sorting individuals into better paying jobs, especially in developing countries. The latter may include family connections, government imposed controls, and political allocation of jobs in the civil service and public enterprises (Schultz 2003) . In other words, the response to the "treatment" (schooling) varies across individuals (Heckman 1997; Heckman and Vytlacil 1999) . Of the two important questions posed by Card (1995) , namely, "what is the causal effect of education?" and "is there evidence of individual heterogeneity in returns to education?" the second will be addressed. To simultaneously address both questions, one needs a proper instrument to estimate returns to education using an Instrumental Variables-Quantile Regression analysis. The few empirical papers which address this question utilize data on twins in the context of a "family effects" model (see for example, Arias and others 2001; Ashenfelter and Rouse 1998) . In the absence of such data, simply using family background information (such as parents' years of schooling) as the instrument is less than ideal, even if it passes the standard econometric tests.
The problem is that estimates of returns from family background instruments are expected to be biased. Furthermore, the focus of this paper is on the investigation of the quantile-returns relationship in a large number of countries. While theoretically schooling cannot be taken as exogenous in Mincer equations, empirical results suggest that the extent of the bias may be small (Card 1999; Dearden and others 2002) .
The concept of ability utilized here, as in Arias and others (2001) , is not one based on measures derived from tests (such as "IQ"). Rather it relates to those unobservable, earningsenhancing, human capital characteristics of an individual. Such ability characteristics are hypothesized to interact with education. As in Mwabu and Schultz (1996) and Arias and others (2001) we will be interpreting a negative relationship between ability and returns to education (decreasing returns with quantile) as evidence of substitutability between education and ability, and a positive relationship (increasing returns with quantile) as evidence of complementarily between education and ability.
From the evidence available, in most countries, increasing returns with quantiles have been observed. In particular, increasing returns have been documented for 15 out of 16 European countries studied, the United States, and whites in South Africa. The countries are: Austria, Denmark, Finland, France, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom (Martins and Pereira 2004) ; South Africa (Mwabu and Schultz 1996) ; and the United States (Buchinsky (1998) .
There are four different patterns of returns by quantile in economically developed countries (Pereira and Martins 2000) . First, for Austria, Finland, France, Ireland, Netherlands, Norway, Spain, Sweden, Switzerland and the United Kingdom, a positive and stable relationship exists over time. Second, for Portugal, one sees a positive relationship which is becoming more acute over time. Third, for Denmark and Italy returns are very similar across the distribution over time. Fourth, for Germany (only marginally) and Greece the returns-quantile profile is negative. Rates of return increase by quantile for all countries (with Denmark, Germany and Italy being borderline cases) except Greece, for which returns decrease moderately with quantiles (Martins and Pereira 2004) . However, the data for Greece do not allow for a straightforward comparison with the other countries, as they are based on net wages. The authors point out that progressive taxation is likely to have a strong impact in eroding the returns to education at the top of the distribution than at its bottom. This may explain the Greek results.
A likely explanation for the observed pattern of returns is the interaction between ability and schooling, which results in an amplification of the impact of ability upon earnings. Another possible explanation has to do with school quality differences. In particular, it may be that individuals who do worse in the labor market (for a given school attainment), are those individuals who received lower quality schooling. On the other hand, a negative relationship between ability and returns to education (decreasing returns with quantile) may be interpreted as evidence of substitutability between education and ability (see, for example, Walker and Zhu 2001) .
For the United States, using data for 1972 , 1979 , 1985 and 1992 , Buchinsky (1998 finds that returns for college graduates are always higher at the higher quantiles. For high school graduates returns are lower at higher quantiles in 1972 and 1979, but this pattern is reversed in the post-1985 period, during which an increase in wage differentials by education has been documented.
Evidence for middle and low income developing countries is scarce, especially for the latter. For low income developing countries, Girma and Kedir (1994; present evidence for Ethiopia. After controlling for endogeneity using parents' education, they find that education is more beneficial to the less able. In particular, returns in the lowest (10 th ) quantile of the earnings distribution (at about 20 percent) are twice that in the highest (90 th ) quantile. Quantile-returns estimates for white and non-white South Africans show that among Africans returns do not increase by their decile in the distribution of residuals (Mwabu and Schultz 1996) . Among whites, returns to higher education increase significantly, from 9 to 18 percent. This is interpreted as evidence that ability and higher education are complements for whites (one-third of whom obtained this form of education) and substitutes for African males, at least at the primary level.
Empirical evidence is also emerging for middle and upper-middle income South
American countries. For Argentina (covering the period 1992-2002), Brazil (1988 ), Chile (1990 and Venezuela (1992 Venezuela ( -2002 , there are increasing returns with quantiles (Giovagnoli and others 2005; Arabsheibani and others 2003; Montenegro 2001; Patrinos and Sakellariou 2004) . On the contrary, using different assumptions about the sample and ages included, Zamudio (2001) and Patrinos and Metzger (2004) find that returns in Mexico decrease for higher quantiles.
Very little evidence exists from Asia. Lee and Lee (2002) report quantile regression results (from an expanded earnings function) for the Republic of Korea, a high income East
Asian country, and conclude that the returns to education in the Korean labor market are low and relatively stable across wage quantiles. In other words, average returns would suffice for Korea.
Methodology and Data
The ordinary least squares (OLS) regression relies on the mean of the conditional distribution of the dependent variable. OLS allows us to estimate the mean effect of education for the average individual. But the average individual may not be useful for policy purposes. It would be of interest to estimate the variance in returns around this mean. The wage distribution reflects not only education but also other unobservable factors, including unobserved ability and other skills relevant for the labor market. Those at the bottom of the wage distribution tend to have lower educational attainment but also a lesser endowment of unobservable skills. Thus, it is interesting to ask whether the effects of education are independent of these unobservable skills or whether education compensates for them or complements them. If the effect is independent of unobservable skills, then we should find that the effect of education is the same throughout the wage distribution. On the other hand, if education compensates for low skill, then we should find a larger effect at the bottom of the wage distribution than at the top; on the other hand, a larger effect at the top of the wage distribution should be found if education complements the unobservable skills. It is possible that the returns to schooling may be different for individuals in the upper part of the wage distribution compared with individuals in the lower portion of the wage distribution.
One of the properties of OLS estimation is that the regression line contains, or passes through, the mean of the sample. Quantile regression, on the other hand, is based on the entire sample available, thus allowing the estimation of the return to education at any arbitrary quantiles of the wage distribution. The idea behind quantile regression is to look at the returns at one part of the distribution, say the bottom quintile, so as to facilitate a comparison with returns at another part, say the top quintile. The comparison then allows us to infer the extent to which education exacerbates or reduces underlying inequality in wages due to other, perhaps unobservable, factors.
When it is suspected that various exogenous variables (such as schooling and experience) influence parameters of the conditional distribution of the dependent variable other than the mean, quantile regressions are particularly useful because they allow the full characterization of the conditional distribution of the dependent variable, rather than the conditional mean only. In short, the quantile regressions method allows an investigator to differentiate the contribution of regressors along the distribution of the dependent variable. In particular, the estimation of returns to education entails much more than the fact that, on average, one more year of education results in a certain percent increase in earnings.
The quantile regression model (Buchinsky 1994) can be outlined as (for an introduction, see Koenker and Hillocks 2001; Koenker and Bassett 1978) :
where X i is a vector of exogenous variables; β θ is the vector of parameters; (Quantile) θ (lnw i |X i ) is the θth conditional quantile of lnw given X, with 0<θ<1. The θth quantile is derived by solving the problem (using linear programming):
where ρ θ (ε) is the check function defined as ρ θ (ε) = θε if ε≥0, and ρ θ (ε) = (θ-1)ε if ε<0. Standard errors are bootstrap standard errors. The median regression is obtained by setting θ = 0.5 and similarly for other quantiles. As θ is varied from 0 to 1, the entire distribution of the dependent variable, conditional on X, is traced.
The quantile approach has a number of useful features, in addition to allowing the full characterization of the conditional distribution of the dependent variable, such as: (a) the linear programming representation of the quantile regression model makes estimation easy; (b) the quantile regression objective function is a weighted sum of absolute deviations, resulting in a robust measure of location, so that the estimated coefficient vector is not sensitive to outlier observation on the dependent variable; (c) when the error term is non-normal, quantile regression estimates may be more efficient than OLS estimators (Buchinsky 1998) .
Estimated returns to education at different quantiles can provide further insight into within-education level/skill group changes and differences in returns at the upper and lower level of the income distribution, as well as differences by sex.
Quantile regressions will be used to estimate standard earnings functions (Mincer 1974) , which involves the fitting of a function specified as:
where lnY is the natural logarithm of monthly wage, S is the number of years of schooling of individual i, and EX and EX 2 are the years of experience and its square. We assumed two years of foregone earnings for those with primary schooling.
The corresponding level of education equation is:
where PRIM, SEC, HIGHER and UNIV refer to dummy variables for primary, secondary, higher and university education, from the formulas:
where S PRIM, S SEC , S HIGHER and S UNIV are the total number of years of schooling for each successive level of education.
Data used are for East Asian and Latin American countries. Information about data sources and survey year are given in Table 1 . Descriptive statistics are included in Annex 1. A consistent sample across countries is used, with the same variables used and few control variables added, to make the work comparable to the work carried out in advanced countries.
That is, the working samples for every country consist of males employed for wages in private or public sector (excluded are day laborers, workers in agriculture, self-employed and employers), who are 25 to 65 years of age. The dependent variable is the logarithm of hourly wage (derived from dividing monthly earnings by the monthly hours worked), except for Mongolia and Thailand, for which the dependent variable is the logarithm of monthly earnings.
Quantile regression analysis also allows us to test certain hypotheses. As mentioned earlier, available evidence from a number of high and upper middle-income countries (mainly from Europe and U.S.) shows rather conclusively that returns increase with quantiles; on the other hand, the very limited evidence from low-income countries suggests that the opposite tends to be the case. We believe that additional evidence from other low and middle-income countries reveals certain stylized facts on the nature of the heterogeneous ability-schooling interaction. In particular, the hypothesized pattern is for high income countries to be associated with increasing returns by quantile (complementarity of ability and education) while for low income countries (which have less developed and possibly distorted labor markets) the tendency will be for decreasing returns (substitutability of ability and education). An implicit assumption in interpreting the results by quantile as decreasing (or increasing) returns is that the distribution of earnings for each level of schooling remains constant. 
Descriptions
Educational attainment in East Asia (Table 2) for those aged 25-65 years and employed in the formal sector, measured by years of schooling, ranges between 7.4 and 11.3 years (for Cambodia and China) for males with an 8 country average 9.8 years, and between 5 and 13.2 years (for Cambodia and Philippines) with an 8 country average of 9.9 for females. The proportion individuals employed for wages 25-65 years with tertiary education exhibits considerable variation, with Mongolia and the Philippines registering the highest proportion of tertiary education graduates for both men and women, while the lowest proportion is found in Cambodia (for both men and women), Indonesia and Thailand (males) and Singapore (females) -when Polytechnic diplomas are excluded. About 23 percent of working males and 30 percent of working females in East Asia has tertiary qualifications.
Educational attainment, as measured by years of schooling, in Latin America averages 9.0 and 10.2 years of schooling for men and women. Laggards in male educational attainment among the Latin American countries examined are Brazil and Guatemala, with 7.6 and 7.7 years of schooling, while the lowest female educational attainment is found in Guatemala and Mexico, with 9.0 and 9.1 years. However, the proportion with tertiary education among adults 25-65 years working for wages in Latin America is considerably lower compared to East Asia.
Colombia registers the highest proportion of tertiary education graduates, at over 40 percent for both men and women, compared to only 11 percent for men and 15 percent for women in Guatemala. 
Results
Looking at returns to schooling for the average individual (from OLS regressions), the return to an additional year of schooling for males is higher in the East Asian countries under study (8 country average) at 14.5 percent, compared to the Latin American group of countries (11 percent), mainly due to the high returns in Cambodia (see Table 3 ). Generally speaking, returns are considerable for all countries, especially in Cambodia, Thailand and Brazil. In only three cases are the estimated returns less than 10 percent. The second column of Table 3 presents the differences in returns estimated for the bottom and top quantile. A negative entry implies that the returns are higher at the bottom of the distribution, meaning that education investments tend to equalize earnings. A negative entry means that returns are higher at the higher end of the earnings distribution, suggesting that education tends to increase inequality. In general education tends to equalize earnings in East Asia while inequality would is enhanced through education in Latin America.
The findings on the shape of the earnings relation and policy implications are summarized in Table 4 . Casual observation of the quantile regression evidence in this study suggests that by and large returns decrease with quantiles in East Asia (except for Singapore).
Male returns decrease with quantiles in the cases of Mongolia, Cambodia, Vietnam, Indonesia, Thailand, China and the Philippines, while exhibiting a clearly opposite (increasing) pattern, similar to that of OECD countries, in the case of Singapore. The group of Latin American countries under study, on the other hand, portrays very similar results. While the expectation may have been that for countries such as Argentina and
Chile the pattern of returns will be similar to that of high income countries, and this is confirmed, a mixed pattern may have been expected for the rest. However, it was found that returns exhibit a pattern more akin to high income countries in every other country examined.
Tests conducted on the significance of inter-quantile differences show that the overwhelming majority of consecutive inter-quantile differences are statistically significant, as are almost all the 90 th -10 th quantile differences. A rule of thumb which may be useful to the reader is that differences in coefficients that are found to be larger than 1 percentage point (or less in the case of larger samples) are statistically significant. For example, in the case of Indonesia, the 90 th -10 th interquantile difference which is less than 1 percentage point (0.9) is statistically significant at the 5 percent level.
A comparison of results from this study and the available international evidence from mainly developed countries is highlighted in Figures 1 and 2 . The results show quite well the danger in relying on average returns for policy purposes.
We hypothesize that there might be a relationship between a country's development stage (and, perhaps, as this is reflected in their labor market characteristics) and returns behavior by quantile.
In the OECD it is clear that education is a complement to unobserved skills (or abilities), and that education investment will increase inequality, other things being equal. We observe cases where the OECD pattern does not apply. The idea behind our approach is that if returns are higher at the top end of the earnings distribution than at the bottom end (as is the case for OECD countries and, based on our findings, other high and middle-income countries), then education tends to increase earnings inequality, since education is a better investment for the better off. On the other hand, if skills and education are substitutes, then the least skilled will benefit more from education and education tends to reduce earnings inequality. The question is what explains the patterns of decreasing returns by earnings quantile. We offer three possible explanations for the deviation from the stylized facts observed in OECD countries.
(1) The first is that more job mobility in developed countries explains the differences.
That is, higher levels of schooling and higher levels of unobserved skills (therefore higher levels of human capital), allow one to change jobs, to improve their position, and therefore earnings.
(2) The second explanation concerns the scarcity of skills. Based on the relationship between a country's development stage and the pattern of returns, the argument might be that the lower the human capital in a country, the more equal the returns. This would fit the pattern observed in East Asia from our estimates, and the corresponding evidence from low-income countries like Ethiopia and Blacks in South Africa. Latin American countries on the other hand historically have higher levels of income inequality and this may relate to the nature of the results for Latin America. (3) The third possible explanation is differences in the quality of schooling. In particular, the deviation from the OECD pattern could be due to differential access to quality education or distribution of quality outcomes (based on measures such as test scores).
A Possible Alternative Explanation
The findings concerning the divide in the pattern of returns between two groups of countries may also relate to different labor markets (as well as different sectors within the same labor market) having a differential exposure to market forces and the link between pay and productivity. In particular, in exploring within sector differences, one can divide the data into the competitive sector (private) and the uncompetitive (public). Psacharopoulos (1979) looked at such a distinction between private and public sectors and argued that wages may exceed productivity in the public sector but not in the private sector. He found higher returns in the public sector and attributed this finding, at least partly, in the signaling value of education. Karras (2005) investigated the productivity of government and private employment for a sample of seventeen European countries. He finds that, in the majority of the countries examined, government workers appear to be overpaid (one of the exceptions is England), as the ratio of government to private wages exceeds the highest estimated value of the corresponding ratio of marginal products. But is the overpayment of government workers in relation to their productivity mostly found at the lower or the upper end of the earnings distribution?
The public sector wage premium (which is evident at the lower end of the earnings distribution), tends to decline and eventually become a public sector wage disadvantage at the higher end of the earnings distribution, in the United States and Canada (Poterba and Rueben 1994; Mueller 1998) . Mueller (1998) comments that the findings are consistent with the public perception of overpaid bureaucrats and useful in explaining the exodus of senior managers to the private sector in Canada during the 1990s. Several other studies show that the public sector pay premium in developed countries is declining as one moves up the conditional wage distribution, suggesting that the profitability of public sector employment is higher in the lower end of the wage distribution (see, for example, Rees and Shah 1995; Disney and Gosling 1998; Blackaby and others (1999) On the other hand, returns in all countries for which an overall increasing pattern is observed exhibit an increasing pattern in both the private and public sectors (with the exception of Mexico where returns in the public sector are flat), and this pattern is more pronounced in the private sector (7 country average of 6.7 versus 3.2 percentage points in the private and public sectors).
Based on the findings in this paper, as well as existing empirical evidence, one could hazard the generalization that in countries where the market forces of demand for and supply of skills are prevalent in the labor market, where pay and productivity are linked (that is mainly in developed countries), we expect to find increasing returns with quantiles. There the relationship between education/skills and ability is towards increasing earnings inequality. On the other hand, in most developing countries where market forces tend to be severely dampened by labor market rigidities, low tolerance for wage inequality, family connections, and the combination of distorting pay and/or employment policies of the public sector and a large presence of the public sector in the economy (in general, labor market distortions), returns are expected to decrease with quantiles, especially in the public sector (Vietnam, Thailand, Philippines and China), or both public and private sector (China). Results on the male returns by education level and quantile are presented in Table 6 . In all East Asian countries except Cambodia and China, the highest returns are observed for university qualifications. Likewise, in all Latin American countries except Colombia (males) and Bolivia, returns to university qualifications exceed all other levels. Returns to primary education Schultz (2003) finds it ironic that world leaders of higher education are reluctant to consider wage structures for policy purposes because they think that wage returns to higher education are low and that large returns to education are probably evidence of distorted labor markets. Looking at the pattern of returns by quantile, in East Asian countries (where returns to schooling were earlier found to decline by quantile), the pattern of returns at the primary and secondary level is mixed, while quantile returns at the tertiary level are generally decreasing (see Figures 3 and 4) . Only for Singapore returns increase at all levels. A consistent finding, however, is that returns to university education decline through the 75th quantile and subsequently rebound at the highest quantile. In Latin America, generally speaking, returns exhibit an increasing pattern within every education level. Exceptions are fount in the case of primary education in Guatemala, Brazil and Colombia and tertiary education in Mexico. It was also found that in almost all countries returns to university qualifications exceed all other levels. An interesting finding from comparing secondary general and secondary vocational/technical qualifications is that, for the countries for which a direct comparison between general and vocational/technical qualifications can be made, the return to vocational/technical qualifications exceeds the return to secondary general qualifications, and the difference in certain counties is substantial. Of course, these are private returns and we do not take into account the often substantial public costs associated with this type of schooling.
The results in this study show quite well the danger in relying on average returns for policy purposes. Our contribution is that we consider cases where the OECD pattern may not apply. The idea is that if returns are higher at the top end of the earnings distribution than at the bottom end (as is the case for OECD countries and, based on our findings, other high and middle income countries), then education tends to increase earnings inequality, since education is a better investment for the better off. On the other hand, if skills and education are substitutes, then the least skilled will benefit more from education and education tends to reduce earnings inequality.
Future research priorities need to include the link to the quality of schooling. In addition, to verify if the patterns observed here are robust, it would make sense to look at patterns over time. In addition, our knowledge base would benefit from observations from more low-income countries and estimates from other regions. 
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